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ABSTRACT: The studies of adsorption equilibrium isotherms and the kinetics of 
hydrogen sulfide–water systems on calcite–based adsorbents prepared from eggshells 
were undertaken. The effects of operating variables, such as contact time and initial 
concentration, on the adsorption capacity of hydrogen sulfide are investigated. The 
modified eggshells are characterized using different analytical approaches such as 
Scanning Electron Microscopy (SEM) and Fourier Transform Infrared (FTIR). The batch 
mode adsorption process is performed at optimum removal conditions: dosage of 1 g/L, 
pH level of pH 6, agitation speed of 150 rpm, and contact time of 14 h for adsorbing 
hydrogen sulfide with an initial concentration of 100–500 mg/L. In the current study, the 
Langmuir, Freundlich, Temkin, and Dubinin models are used to predict the adsorption 
isotherms. Our equilibrium data for hydrogen sulfide adsorption agrees well with those of 
the Langmuir equation. The maximum monolayer adsorption capacity is 150.07 mg/g. 
Moreover, the kinetics of H2S adsorption using the modified calcite of eggshells follows a 
pseudo–second–order model. From the current work, it has been found that the calcite 
eggshells are a suitable adsorbent for H2S containing wastewater. Most importantly, 
chicken eggshells are waste products that are vastly available; hence, they could serve as 
a practical means for H2S adsorption.  
ABSTRAK: Kajian keseimbangan isoterma penjerapan dan kinetik sistem air– hidrogen 
sulfida terhadap penjerap berasaskan calcite yang disediakan daripada kulit telur telah 
dijalankan. Kesan pembolehubah operasi seperti masa jerapan dan kepekatan awal pada 
kapasiti penjerapan hidrogen sulfida disiasat. Kulit telur yang telah diubahsuai dianalisa 
menggunakan cara analisis yang berbeza seperti Scanning Electron Microscopy (SEM) 
dan Fourier Transform Infrared (FTIR). Proses penjerapan untuk mod batch dilakukan 
pada keadaan penyingkiran optimum: dos 1 g/L, tahap pH pH 6, kelajuan pergolakan 150 
rpm dan masa jerapan 14 jam untuk menjerap hidrogen sulfida dengan kepekatan awal 
100–500 mg/L. Dalam kajian semasa, model Langmuir, Freundlich, Temkin dan Dubinin 
digunakan untuk meramalkan isoterma penjerapan. Data keseimbangan yang diperoleh 
untuk penjerapan hidrogen sulfida mengikut baik persamaan Langmuir. Kapasiti 
maksimum penjerapan monolayer adalah 150.07 mg/g. Selain itu, kinetik penjerapan H2S 
menggunakan kalsit kulit telur yang diubah suai didapati mengikut model pseudo–tertib 
kedua. Dari kerja semasa, ia telah mendapati bahawa calcite daripada kulit telur adalah 
penjerap sesuai untuk H2S yang mengandungi air sisa. Perkara yang paling penting, kulit 
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telur ayam boleh didapati secara meluas; oleh itu, ia boleh dijalankan secara praktikal 
sebagai medium untuk penjerapan H2S. 
KEYWORDS: adsorbents; hydrogen sulfide; chicken eggshells; kinetic; isotherm  
1. INTRODUCTION  
Hydrogen sulfide (H2S) is an exceptionally deadly and damaging substance that is 
broadly delivered as a by–product in many industries. H2S can bring about wellbeing issues, 
for example, coma, irritation of eyes, and respiratory system irritation. Excess exposure to 
H2S might cause both chronic and acute ramifications [1, 2]. A concentration of H2S 
equivalent to 500 – 1000 ppm or more, can threaten human life and lead to imminent 
impairment on the human physique [3]. Therefore, the Occupational Safety and Health 
Administration (OSHA) has regulated the exposure limit to 20 ppm for the general industry. 
Moreover, the neural system and major organs, such as the liver and the kidneys, are the 
main target of H2S [4, 5]. On the other hand, another risk associated with H2S in the natural 
environment is the threat of acid rain, which is precipitated through its oxidation into water–
soluble sulfuric acid (4–6 g/L) [6]. In a solution, H2S exists in three forms, i.e. H2S, bisulfide 
(HS-) and sulfide (S2-) [7]. Moreover, H2S safety problems posed by its highly flammable 
nature as well as economic problems arising from corrosion of metals (even in the low level 
of H2S) [8]. In addition, H2S is a corrosive medium for wastewater pipelines [9]. Another 
negative impact is that H2S is one of the main poisons for many industry catalysts. In 
addition, it is a destructive gas to pipelines and equipment [10].  
On a very frequent basis, adsorption is employed in wastewater treatment to remove 
toxic materials from industrial effluents [11]. Wastewater (e.g. from petroleum refinery 
plants) contains a huge amount of organic and inorganic toxic materials, such as H2S. Most 
of the waste water from petroleum refineries is treated using chemical substances to remove 
toxic pollutants such H2S. These chemicals  consist of strong oxidants such as peroxide 
(H2O2), sodium hypochlorite (NaOCl), and sodium hydroxide (NaOH) [12]. The 
shortcoming of hydrogen peroxide, sodium/calcium hypochlorite and ferrous/ferric salts on 
dissociation of H2S in wastewater have been investigated by Abdullah [12] who notes that 
strong oxidants would increase the risk of many serious health problems. For instance, there 
are ~3300 accidents per annum caused by NaOCl solutions in Britain. In addition, the 
National Fire Protection Agency (NFPA) has declared that solutions containing more than 
40% NaOCl by weight are considered as hazardous oxidizers. Moreover,  NaOCl is an 
expensive chemical substance and a concentration of 40 g/L is required to remove the 
dissolved H2S (at 20 mg/L concentration) in wastewater [12]. From that, chemical scrubbing 
in packed towers is costly [13]. Oxidation reactions are generally corrosive and the mixing 
of an acid cleaner with a NaOCl bleach generates chlorine gas. Also, the mixtures of other 
cleaning agents and organic matter would lead to a gaseous reaction causing acute lung 
injury. Occupational Safety and Health Administration (OSHA) has also warned that long 
term exposure to NaOCl would cause serious health problems.  
Owing to the shortcomings of chemical adsorbents, the use of non–conventional 
adsorbents consisting of agricultural wastes has recently been proposed. Fine Rubber 
Particle Media (FRPM) has limited porosity and hence its surface area is inadequate to 
support the pure physical adsorption of H2S with the carbonated steel slag [14, 15]. On the 
other hand, the use of crushed oyster shell as adsorbent has been examined by Asaoka et al. 
[16]. The removal of Mn and H2S from palm oil mill effluent (POME) using activated 
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carbon was studied [17, 18]. In the current work, it has been found that eggshells, consisting 
of 94%–97% calcium carbonate, can be regarded as a practical adsorbent because it is easily 
available and cost–effective.  
Huge amounts of eggshells are produced as a by–product because hen's eggs are one of 
most common traditional food articles and are utilized universally. Eggshells occupy ~11% 
of the total weight of an egg [19, 20] and they are normally thrown away without any pre–
treatment [21], which leads to environmental pollution such as odor. Recently eggshells 
have been found to contain a high amount of minerals and amino acids [21], and exhibit 
interesting characteristics such as high porosity, good antibacterial or anti–inflammatory 
behavior [20], and excellent adsorbent properties [22]. Eggshells membranes have been 
applied in areas such as therapeutic, nutraceutical, metallurgy, and bioremediation areas 
[20]. In addition, eggshells have been used to remove heavy metals (21–160 mg/g) [23], 
phenolic compounds (0.052–0.143 dm3/mg) [24], dyes (113.6 mg/g) [22] and pesticides 
(0.964 mmol/g) [25]. From the mentioned adsorption capacities, it is clear that eggshell–
derived materials have a high ability to absorb the different materials with high efficiency. 
In addition, due to properties such as high amounts of minerals and amino acids [21]; 
high porosity, antibacterial or anti–inflammatory characteristics [20], and excellent 
adsorbent properties [22], researchers have shifted their focus onto natural porous materials 
in the last couple of years. Various researches have been conducted to evaluate the 
adsorption ability of eggshell as a low cost adsorbent, in artificial wastewater with mono–
or multi–components. Researchers have demonstrated the effectiveness of this adsorbent in 
the removal of heavy metals [23]  
This study aims to evaluate the adsorption capacity of calcite eggshells while removing 
the dissolved H2S in wastewater (from petroleum industry). In addition, a suitable kinetic 
and equilibrium isotherm model was identified in order to describe the current adsorption 
process employed using eggshells. 
2.    MATERIALS AND METHODS 
2.1   Preparation of the Adsorbent 
The eggshells were collected from poultry dump sites and they were immediately 
washed with deionized water to remove impurities. To dissolve the residual shells, the inner 
membrane was dismantled from the main eggshells and soaked in an acetic acid solution 
(70%) for two days, then washed with deionized water to reduce the acidity level up to a 
neutral pH. The eggshells were then blended, permeated through a set of sieves to 0.25, 0.3 
and 0.5 mm, and finally dried at 105 °C in a hot air oven for eight hours. The eggshells were 
then calcinated at a temperature of 900 °C for 2 h soaking time, which was carried out at a 
constant heating rate of 10 °C/min with nitrogen (N2) flow rate of 30 cm
3/min. The pyrolysis 
treatments were conducted in a horizontal furnace.  
2.2   Physical and Chemical Characterization Measurements 
The porous texture and morphology were examined by scanning electron microscope 
(SEM). The porous properties of the resulting eggshell particles were investigated by 
measurement of the nitrogen adsorption–desorption isotherm. The SEM runs at 20 kV 
accelerating potential on a HITACHI S–3400N. In order to measure the pH of surface 
adsorbent, a sample consisting of 0.4 g of dry carbon powder was added into 20 ml of water. 
The suspension was stirred overnight to reach equilibrium and subsequently the pH of the 
suspension was measured. Fourier transform infrared (FTIR) was used to examine the 
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functional groups (responsible for H2S adsorption) on the surfaces of modified and 
unmodified samples.  
2.3  Preparation of Hydrogen Sulfide Solution 
In this work, the synthesis of wastewater was prepared using the standard laboratory 
reaction process between hydrochloric acid (HCl) and ferrous sulfide (FeS) in a Kipp 
generator to produce H2S, which was then allowed to dissolve in distilled water according 
to the following reaction:  
FeS (s) + 2HCl (aq) → FeCl2 (aq) + H2S (g)                                               (1) 
2.4 Batch Equilibrium Studies 
The adsorption behaviors of unmodified eggshell particles were determined by 
examining the rate of removal of H2S dissolved in an aqueous solution. The pollutant 
concentration was initially measured. All the experiments were performed using a batch 
process. The adsorption was carried out under a fume hood due to the toxicity of H2S. A 
sample of 0.1g of calcite of eggshells was used. The solution pH was fixed to ~7.0 (neutral), 
and the solution was shaken at 150 rpm at 30 °C for 14 hours to determine the adsorption 
capacity. A spectrophotometer (HACH DR2800) was used to measure the residual solution 
after filtered the suspensions. Eq. (2) was used to calculate the adsorption capacity of the 
pollutants [26, 27]. 
𝑞𝑒 =
( 𝐶0−𝐶𝑒)𝑉
𝑚
                                                                                               (2) 
where V is the solution volume (L), m is the mass of the adsorbent (g), Co and Ce are the 
initial and final concentrations of the pollutant, respectively, and qe is adsorption capacity 
(mg/g). In order to ensure the repeatability of the experimental result, all adsorption 
experiments were repeated for three times and it was found that the maximum deviation was 
within 5%. Subsequently, the equilibrium data were fitted using isotherm models. 
2.5  Adsorption Isotherm Models 
In the current study, the correlation between the adsorbent and the adsorbate at 
equilibrium is described using four well–known isotherm models, namely Langmuir, 
Freundlich, Temkin and Dubinin–Radushkevich models [28]. The parameters such as 
isotherm constants, Sum of Squared Error (SSE), and fitting (R2) were subsequently 
determined.  
2.5.1 Langmuir Isotherm  
Langmuir isotherm assumes that adsorption takes place at a specific surface which 
contains a finite number of adsorption sites. This process is commonly known as 
homogeneous adsorption, whereby constant enthalpy and sorption activation energy are 
extracted from each molecule [29, 30]. The linear form of Langmuir’s isotherm model can 
be expressed as: 
𝐶𝑒
𝑞𝑒
=
1
𝑄0 𝑏
+ (
1
𝑄0
) 𝐶𝑒                                                                                       (3) 
where Ce is the equilibrium concentration of the adsorbate (H2S) (mg/L), Qo and b are 
Langmuir constants, and qe is the amount of adsorbate adsorbed per unit mass of adsorbent 
(mg/g). The main characteristics of the Langmuir isotherm can be expressed in terms of the 
dimensionless equilibrium parameter (RL), which is defined by: 
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𝑅𝐿 =
1
1+𝑏𝐶0
                                                                                                    (4) 
where C0 the initial concentration of H2S (mg/L) and b is the Langmuir constant. According 
to [30], the value of RL indicates the shape of the isotherm to be either unfavorable (RL > 
1), favorable (0 < RL < 1), linear (RL = 1) or irreversible (RL = 0).  
2.5.2 Freundlich Isotherm 
The Freundlich isotherm assumes heterogeneous surface energies and it becomes more 
heterogeneous as the value of the slope approaches zero [31]. The slope ranges between 0 
and 1 and it is used to measure the adsorption intensity or surface heterogeneity. The slope 
(1/n) value of >1 indicates cooperative adsorption [32]. The correlation coefficient (R2) 
indicates the fitting error. Equation (5) gives the linear Freundlich model: 
log 𝑞𝑒 = log 𝐾𝐹 + (
1
𝑛⁄ ) log 𝐶𝑒                                                                   (5) 
where 𝑞𝑒 is the adsorption capacity at equilibrium (mg/g), 𝐶𝑒 is the equilibrium 
concentration of the adsorbate (H2S) and 𝐾𝐹 and n are Freundlich constants. 
2.5.3 Temkin Isotherm Model 
Temkin isotherm assumes indirect interactions between the adsorbent and the adsorbate 
molecules on adsorption isotherms. The heat of adsorption of all the molecules in the layer 
would decrease linearly (instead of logarithmically) due to the interactions [33, 34]. The 
Temkin isotherm is examined using Eq. (6):  
 𝑞𝑒 =
𝑅𝑇
𝑏
𝑙𝑛𝐴𝑇 + (
𝑅𝑇
𝑏𝑇
) 𝑙𝑛𝐶𝑒        (6)  
 
where RT/b = B, R is the gas constant (8.314 J/mol K) and T is the absolute temperature in 
K, and b is related to the heat of adsorption (J/mol). 
2.5.4 Dubinin–Radushkevich Isotherm 
Dubinin and Radushkevich isotherm model is generally applied to express the 
adsorption mechanism on the heterogeneous surface. Based on the potential theory [35]. 
𝑙𝑛𝑞𝑒 = 𝑙𝑛𝑞𝑑 − 𝐾𝑎𝑑𝜀
2                                                                  (7) 
where ε can be correlated as: 
  𝜀 = 𝑅𝑇𝑙𝑛 [1 +
1
𝐶𝑒
 ]                                                                                   (8)     
Here, qd is the adsorption capacity (mg/g). 
2.6  Kinetic Studies 
Adsorption kinetics models can be used to simulate the uptake of H2S by adsorbents. 
In order to investigate the adsorption kinetics of H2S onto the adsorbents, two well–known 
kinetic models, i.e. the pseudo–first–order and the pseudo–second–order models, are 
implemented.  
2.6.1 Pseudo–first–order Kinetic Model 
The rate constant of adsorption is determined from the pseudo–first–order Eq. given 
by Langergren and Svenska [27, 36]: 
ln( 𝑞𝑒 − 𝑞𝑡) = ln 𝑞𝑒 − 𝑘1 𝑡,                                                                         (9) 
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where qe and qt are the amounts of dissolved H2S (mg/g) at equilibrium and at time t(h), 
respectively, and k1 is the rate constant of adsorption (h−1). k1 is calculated from the linear 
plot of Eq. (9). 
2.6.2 Pseudo–second–order Kinetic Model 
A pseudo–second–order Eq. based on equilibrium adsorption [34, 37] is expressed as: 
𝑡
𝑞𝑡
=
1
𝑘2𝑞𝑒
2 +
1
𝑞2
 𝑡                                                                (10) 
where k2 (g/mg h) is the rate constant of second–order adsorption. 
2.6.3 Validity of Kinetic Model 
Besides R2, the Sum of Squared Error (SSE, %) is calculated for all kinetic models. The 
adsorption kinetics of H2S of eggshells calcinations are tested at different initial 
concentrations. In general, SSE is expressed as: 
 𝑆𝑆𝐸(%) = √
∑(𝑞𝑒,𝑒𝑥𝑝−𝑞𝑒,𝑐𝑎𝑙)2
𝑁
                                                                     (11) 
where N is the number of data points. qexp and qcal (mg/g) are the experimental and 
calculated adsorption capacities, respectively. The numerical fitting is good if R2 is ~1.0 
and SSE is ~ 0.0. 
3.   RESULTS AND DISCUSSION 
3.1  Textural characterization of prepared adsorbent 
The pyrolysis treatment of eggshells has a significant role to enhance the porosity and 
oxygenated functional group. During thermal treatment, the calcium carbonate (CaCO3), 
converted to CaO and CO2, is emitted as a by–product that might enhance the efficiency of 
the adsorbent toward H2S [38] as described by Eq. (12). Scanning electron microscopy 
(SEM) and FTIR were used to characterize the modified and raw eggshells. The results 
obtained from SEM are shown in Fig. 1(a) and 1(b).  
 
Fig. 1: SEM images of raw (a) and calcite (b) eggshells. 
Figure 1(a) shows that raw eggshells exhibit low porosity, while enhanced porosity is 
observed for modified (calcinated) eggshells as illustrated in Fig. 1(b). From the eggshell 
calcination process, the (O2) and (C) components have been reduced. The acidic medium 
and the high concentration of H+ have increased the number of positively charged CaOH2+. 
18
IIUM Engineering Journal, Vol. 18, No. 1, 2017 Habeeb et al. 
 
Equation (13) shows the dissociation of calcium oxide in water to form calcium hydroxide 
on the surface of the adsorbent. Equation (14) shows the reaction of H2S with calcium 
hydroxide. The OH– from Ca(OH)2 reacts with H2S to form Ca(HS)2, which is then 
converted to elemental sulfur (see Eq. (15).  
CaCO3 → CaO + CO2                                                                                                              (12) 
CaO + H2O → Ca(OH)2                                                                                                      (13) 
Ca(OH)2 +H2S → Ca (HS)2 + 2H2O                                                                                 (14) 
Ca(HS)2 +O2 → Ca(OH)2 + 2S                                                                                         (15) 
 The FTIR method has been widely used to characterize the surface oxygenated groups 
of different oxides on the adsorbent surface. The FTIR structure of calcite eggshells exhibits 
an angular pattern of fracture as seen in Fig. 2. The bands of the modified adsorbent are 
located at 712, 882, 1080 and 1400 cm-1, which corresponds to the presence of symmetric 
stretching υ1 mode of carbonate, out–of–plane bending (υ2 mode) vibrations of carbonate, 
υ1 and υ3 mode of crystalline vaterite (CaCO3) phase. Decreasing the intensity of the former 
bands after calcination indicates to the conversion of calcium carbonate into calcium oxide. 
In addition the band at 3640 cm-1 is due to O–H of adsorbed water. Same observations 
noticed in studies done by others [39–41].  
 
Fig. 2: FTIR of the calcite and raw materials of eggshells. 
3.2   Effect of Contact Time and Initial H2S Concentration on Adsorption Equilibrium 
A series of contact time experiments for the H2S adsorption process have been carried 
out at a temperature of 30 °C for different initial concentrations (100–500 mg/L) and the 
results are shown in Fig. 3. For cases of lower initial concentration (100–200 mg/L), a 
relatively short equilibrium time of ~6 hours is needed. However, cases of higher initial 
concentrations (300–500 mg/L) require a longer time (~9 hours) to reach equilibrium. The 
adsorption rate was initially high but it reached equilibrium after a sufficiently long period. 
This phenomenon occurs due to the abundance of vacant surface sites available for 
adsorption during the initial stage. After a long period of time, the remaining vacant surface 
sites are difficult to be occupied due to repulsive forces between the solute molecules on the 
solid and bulk phases. Therefore, the initial stage plays an important role during the 
adsorption process. At the equilibrium point, the amount of H2S desorbing from the 
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adsorbent is in a state of dynamic equilibrium with the amount of H2S being adsorbed on 
the adsorbent. Choo [42] has reported that higher initial concentration could enhance the 
adsorption capacity, which is contradictory to that observed by Xiao [43]. 
 
Fig. 3: The variation of adsorption capacity at various initial H2S concentrations. 
3.3  Adsorption Isotherms 
The Langmuir, Freundlich, Temkin and Dubinin–Radushkevich isotherm models were 
applied to determine the suitable adsorption isotherm model for this process [44–47]. The 
isotherm models can also be used to demonstrate how the adsorption molecules are 
distributed between the solid phase and the liquid phase and to estimate the equilibrium 
time. The Langmuir adsorption isotherm equilibrium model for the adsorption process of 
H2S onto calcite eggshells is shown in Fig. 4. The fitting error can be judged by examining 
the R2 value. The straight line with a slope of 1/Qo is obtained from the plot Ce/qe vs. Ce is 
shown in Fig. 4. From Eq. (2), the Langmuir constants b and Qo and are calculated and the 
values are reported in Table 1. The R2 value of 0.9907 shows that the current adsorption 
data correlates well with the Langmuir isotherm model. Meanwhile, the value of RL is 
0.0503, showing that the Langmuir isotherm is favorable. 
 
Fig. 4: Langmuir adsorption isotherm of H2S onto eggshells adsorbent. 
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Table 1: Langmuir, Freundlich, Temkin and Dubinin–Radushkevich isotherm model 
parameters and correlation coefficients for adsorption of H2S on the prepared adsorbent. 
Isotherm models Concentration 
(mg/L) 
Parameters R2 
Langmuir 500 Q0 (mg/g) b (l/mg) 0.9907 
 
0.9825 
150.07 0.0377 
Freundlich 500 KF 
(mg/g(L/mg)1/n 
1/n 
0.21515 0.2033  
0.9723 Temkin 500 A (L/g) bT 
1.886 115.5  
0.8483 Dubinin–
Radushkevich 
500 qd (mg/g) Kad 
129.009 3.206×10-5  
 
The numerical fitting using the Freundlich isotherm model is shown in Fig. 5. From the 
linear plot, the slope (1/n) is recorded at 0.2033. The fitting error is higher (R2 = 0.9825) as 
compared to that of the Langmuir model. Accordingly, the Freundlich constants such as KF 
and n are calculated from Eq. (8) and those values are listed in Table 1. For the Temkin 
isotherm model, qe is plotted against ln(Ce) to obtain a straight line as shown in Fig. 6. The 
fitting error is higher than those of the Langmuir and Freundlich models. Finally, the 
Dubinin–Radushkevich isotherm model (see Fig. 7) reports the smallest R2 value (0.8483). 
  
Fig. 5: Freundlich adsorption isotherm of 
H2S onto eggshells adsorbent. 
Fig. 6: Temkin adsorption isotherm of H2S 
onto eggshells adsorbent. 
3.5  Adsorption Kinetics 
For the pseudo–first–order kinetic model shown in Fig. 8, the results of R2 and k1 values 
are shown in Table 2. The R2 values are low and the experimental qe values are not in good 
agreement with those calculated from the pseudo–first–order kinetic model. This indicates 
that the pseudo–first–order equation may not be effective to describe the current adsorption 
process. 
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Fig. 7: Dubinin–Radushkevich adsorption isotherm of H2S onto eggshells adsorbent. 
 
Fig. 8: Pseudo–first–order kinetics for adsorption of H2S onto eggshells adsorbent. 
Table 2: Pseudo–first–order, pseudo–second–order, intra–particle diffusion kinetic model 
and correlation coefficient for adsorption of H2S onto eggshells adsorbent. 
Initial H2S 
concentration 
(mg/L) 
qe,exp 
(mg/g) 
Pseudo–first–order kinetic model Pseudo–second–order kinetic model 
qe,cal 
(mg/g) 
K1 
(1/ h) 
R2 SSE (%) qe,cal 
(mg/g) 
K1 
(1/ h) 
R2 SSE 
(%) 
100 80 59 7.4285 0.876 7.4 105 4.574 0.997 8.8 
200 110 147.7 10.464 0.775 13.3 148 3.297 0.926 13.4 
300 128 220 9.6785 0.744 32.52 153.3 4.940 0.991 9 
400 130 298.4 8.3928 0.750 59.53 148.7 0.015 0.947 6.6 
500 145 380 6.3571 0.704 83.08 157 0.012 0.998 4.2 
 
However, when the pseudo–second–order kinetic model was used (Fig. 9), the 
correlation coefficients were greater than 0.926, showing that the adsorption of H2S on 
calcite eggshells could be best described by the second–order kinetic model. 
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Fig. 9: Pseudo–second–order kinetics for adsorption of H2S onto eggshells adsorbent. 
4.     CONCLUSIONS 
  In the current work, eggshells have been analyzed and characterized to determine their 
physical and chemical properties. The eggshells have been used for adsorption of H2S 
dissolved in the synthetic wastewater. Adsorption of H2S with an initial concentration of 
100–500 mg/L has been examined with batch mode adsorption process. The optimum 
removal conditions were: 1 g/L, 6, 150 rpm and 14 h for dosage, pH, agitation speed and 
contact time. It has been found that the current adsorption behavior comes closer to the 
monolayer Langmuir isotherm model with R2 values of 0.9907. With the kinetic data 
adapted to a pseudo second–order model gave R2 value of 0.998 for the higher contaminant, 
the maximum adsorption capacity was found to be 150.07 mg/g. In general, the current work 
has witnessed the effectiveness of calcite eggshells for the removal of H2S from wastewater 
over a wide range of initial concentrations. 
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